The analysis of the boundary damping rate for eigenmodes of a Rayleigh Beam with variable coefficients is usually difficult because explicit solution formula are hard to come by. In this paper, by using the estimating devices of 191, we can carry out an asymptotic analysis and conclude that there is a uniform damping rate for the high frequency modes. As a result, Riesz basis property and exponential stability can be deduced and a conjecture in [3] is settled.
Introduction
The analysis of boundary damping rate is important in the understanding of vibrating system behavior, such as Riesz basis generation, stabilization, and controllability, etc. In the present paper, we study the following Rayleigh beam model with variable coefficients under the boundary feedback control and we organize the rest of the paper as follows. In 52 we use a space-scaling transformation to derive an equivalent eigenvalue boundary problem which is more convenient to expand asymptotically. In 53 an asymptotic frequency distribution is obtained via expanding the characteristic determinant. In the last section, some important applications of the asymptotic frequency distribution are indicated and a conjecture in (31 is discussed and settled.
Eigenvalue P r o b l e m S e t u p
Applying the method of separation of variables via u(x,t) := ext4(x), the characteristic equation of the control system (1.1) is given by
where the sign "'" denotes the derivative with respect to x.
We now record down two useful facts for later use.
L e m m a 2.1 Let hl(x), hz(x) be two linearly independent solutions for the second order linear homogeneous 
By the uniqueness theorem of ordinary differential equations, z = 0. Thus hl and hz are linearly dependent and this contradicts to the assumption of the lemma. 0
Re(X) < 0. 
Let X = ReX + iImX, where ReX,ImX are real. Then, To simplify further, we expand (2.1) to yield: (2.8)
If we introduce a space-scaling transformation (cf. [4, 5, 111) Here, the sign '"" denotes the derivative in I and (2.12)
+--
(2.14) 
which is equivalent to equation (2.8)
Asymptotic Expressions of Eigenfrequencies
We now divide the complex plane into 4 sectors (for k = 0 , 1 , 2 , 3 ) and for each S,, we pick w1 and wz (both square roots of -1) so that
In particular, we can choose That is, they are two linearly independent solutions of
In the sequel, for convenience, we introduce the notation
Now the boundary conditions of system (2.19) can be expanded asymptotically by substituting (3.4),(3.5) into them. 
3).
Furthermore, the boundary problem (2.19) is strongly regular in the sense of (8, p.2591 iff the following condition holds: 7), (3.8), (3.9), (3.10), (3.14) , (3.15) into the characteristic determinant, we have A(p) = (3.14)
Combining with (2.9),(2.18), we have Thus, the asymptotic expansion (3.12) of A(p) is obtained. The strong regularity of 18, Def.2.7) can be verified directly from the fact that yo(l),xz(l) > 0 and (2.3), (3.13 
4.1).

Theorem 3.3
Suppose that the problem (2.1) is strongly regular (that is, the condition (3.13) is f.1- In sector Sz, we can argue similardy on the asymptotic distribution of the conjugate p k , Here in order t o satisfy (3.2), we let w1 := -i,wz := i and then equations 
Applications
We now describe some interesting applications of our main results. The details can be found in [IO] . 
Hence, the spectrum-determined growth condition will be true and (3.19)j(2.4) will yield asymptotic stability for 01 + 0 > 0 and ezponential stability for U > 
